Microbial communities have long been assumed to have functional redundancy, but very few 2 0 studies have tested this empirically. Here, we performed a time series in situ reciprocal transplant 2 1 experiment in two lakes with disparate trophic states to empirically test for functional 2 2 redundancy. We determined that the two lakes had different community compositions, and these 2 3 did not change even after incubating in a different environment. However, functional attributes 2 4
surface. Collected water samples (~500 ml each tube) were filtered as described above and stored 1 4 0 at -20°C before DNA extraction. Complementary DNA (cDNA) was synthesized from purified RNA using the SuperScript Illumina sequencing was performed on pooled 40-ng lots of uniquely marked samples by Yourgene Biosciences, Taiwan using the Miseq system. Six TruSeq DNA-PCR Free libraries (3:
16S rRNA gene and 3: 16S rRNA gene transcripts) were prepared for 2×300 bp paired-end reads 1 6 7 by Yourgene Biosciences. Raw reads were sorted and primers removed before further analyses.
6 8
For whole-metagenome sequencing, the total genomic DNA was extracted using the 1 6 9
UltraClean Soil DNA Kit (MoBio, Solana Beach, CA, USA) following the manufacturer's 1 7 0 protocol. Extracted DNAs from the 41 samples were sent to Yourgene Biosciences (Taipei, Taiwan) for library preparation without amplification (PCR Free library) and sequencing by the 1 7 2
Illumina MiSeq system (USA). Illumina sequenced 16S rRNA gene reads were sorted into samples using an in-house to keep those 1) of lengths >390 bp and <450 bp, 2) with 0 ambiguous bases, and 3) with 1 7 7 homopolymers <8 bp. UCHIME with USEARCH v8 (Edgar RC, 2010) (parameters: reference 1 7 8 mode, rdp gold database, and mindiv of 3) was used to remove chimeric reads. After 1 7 9 dereplication and removal of singletons, the reads were clustered at a 97% identity threshold to 
2016)
, singlet reads were discarded. Metagenomes data were processed using two approaches 1 8 9 ( Figure S1 ). 1) Predicted ORF level: reads were de-novo assembled individually for each sample 1 9 0 using CLC Genomics workbench version 1.10.1 (Qiagen) with default parameters, scaffolding Predicted ORFs and merged reads from each metagenome were searched for similarity The carbon assimilation potential of the microbial communities in the two lakes was containing 31 different carbon sources (and one control well with no carbon source). Plates were 2 1 0 incubated at 25°C and the absorbance of each well was measured at 590 nm using an automatic 2 1 1 optical density microplate reader (Spectramax M2, Molecular Devices, San Jose, CA, USA) 2 1 2 every 24 hours for 7 days. On day 7, absorbance values from ecoplates were used to calculate 2 1 3 average well color development (AWCD) in the plate, as expressed by the equation below.
where C and R represent the absorbance value in the blank well and substrate, respectively.
1 5
Negative values were converted to 0. The absorbance values were then treated and normalized 2 1 6 using AWCD. abundance profiles were log (x+1)-transformed to achieve normality. Beta diversity was 2 2 8 performed based on an ordination analysis using the Bray-Curtis distance method unless attributes of undisturbed lake water in their natural setting. Unrarefied samples were applied to samples (Table S2) . Furthermore, we observed that cross-swap samples tended to shift away Active community, its functional attributes, and partial functional redundancy as metabolically active bacteria are one of the major driving forces in the relationship. Hence, we (Table S3 ).
3 2 4
PERMANOVA analysis showed that only the inoculum had a significant effect on sample ADONIS inoculum*incubating-lake : F 1, 8 (inoculum) = 15.05, p < 0.05) ( Table S2) .
We performed a linear regression analysis based on the Bray-Curtis similarity (1-Bray- whether there is a linear relationship between bacterial community composition and functional 3 3 0 profile at any similarity level. We found that similarities in community composition profiles attributes (>90% to <97%). This result supports the idea that functional redundancy and L-divergence, which scales from 0 (identical) to 2 (highly divergent), was used to 3 3 9 quantify functional redundancy. We identified a highly divergent community (L-divergence surface : metagenomes in the two lakes (Figure 3B) . Furthermore, we also calculated L-divergence for 3 4 3 community and functional profiles using different datasets from this study and obtained similar 3 4 4 results ( Table S4 ). We used ecoplates as a proxy to both measure the metabolic activity (in terms of carbon used as an indicator of metabolic activity, and we observed that YYL lake BG samples had a 3 5 1 higher mean AWCD than did TFL lake samples. Different values of AWCD were observed at 3 5 2 different sampling time-points (Figure S6 ). While comparing samples with the same inoculum in different incubating lakes, we 3 6 0 observed that the metabolic activity of Ts Y samples was significantly higher than in Ts T samples (Figure 4B) , and no significant difference was observed at other sampling time points. higher metabolic activity than Yb3 Y (Figure S7B ).
6 8
When the inoculum was different in the same incubating lake, we observed that Ys T 3 6 9 samples had higher metabolic activity than Ts T samples across all sampling time points 3 7 0 ( Figure 4C) , and Ys Y samples had higher metabolic activity than Ts Y samples (except
Ts3 Y vs Ys3 Y) (Figure S7C) . Of the bottom samples, Yb T metabolic activity was higher 3 7 2 than Tb T (Figure 4D) , and Yb Y was higher than Tb Y (except Tb3 Y) (Figure S7D ). In recent years, the focus of microbial ecology studies has shifted from understanding the setting, the main motivation of our study was to empirically test the hypothesis of functional 3 9 0 redundancy in the aquatic ecosystem with an in situ reciprocal transplant experiment. We used 3 9 1 high throughput amplicon, whole metagenome sequencing, and ecoplate analysis to determine 3 9 2 the community function relationship in the aquatic ecosystem. To the best of our knowledge, this 3 9 3
is the first study that examines the function redundancy hypothesis in surface and bottom lake The 16S rRNA gene-based bacterial community composition of BG samples was 3 9 6 significantly different between lakes ( Figure S4A) , which was expected, as the two lakes have suggesting that functional redundancy is present (Table S2) . Functional profiles supported had a significant effect on the clustering of the samples (Table S2) point experiments-and also because of the shifts observed within the cluster of cross-swap 4 2 8 samples (Figure 2A, Figure S5 ). We believe that the community might have varied immediately 4 2 9
or very shortly after transplantation, but then recovered to an alternate stable state in less than We hypothesized that transplanting an inoculated sample from one lake into another lake hypothesis was tested and confirmed in an earlier study (Graham BE et al, 2016) . Interestingly, 4 3 7
we observed shifts in the functional profile of cross-swap samples away from their self-swap 4 3 8 counterparts (Figure 2B, marked as dashed arrows) . This phenomenon was observed for 4 3 9
Ys T and Yb T samples, but was not as clearly for Ts Y and Tb Y samples ( Figure 2B ). functional profile identified a linear relationship between the community and its function in the 4 5 5 ecosystem of both lakes ( Figure 3A) . Our result contrasts with a study on the marine ecosystem, ecosystems, so care should be taken when applying results from this study to other environments. redundancy. Furthermore, most previous studies were limited to measuring specific functions, 5 1 1 and hence they could not make conclusions about overall ecosystem dynamics. This study is the 5 1 2
first to test the community function relationship through reciprocal transplant experiments in lake with whole metagenome sequencing and metabolic analysis using ecoplates. The insights offered 5 1 5 by this work deciphering the community function relationship of the freshwater aquatic
